Linfield University

DigitalCommons@Linfield
Senior Theses

Student Scholarship & Creative Works

4-2021

Design of Smart Trashcan
Haoran Song
Linfield University

Follow this and additional works at: https://digitalcommons.linfield.edu/physstud_theses
Part of the Applied Mechanics Commons, Energy Systems Commons, Engineering Physics Commons,
and the Power and Energy Commons

Recommended Citation
Song, Haoran, "Design of Smart Trashcan" (2021). Senior Theses. 52.
https://digitalcommons.linfield.edu/physstud_theses/52

This Thesis (Open Access) is protected by copyright and/or related rights. It is brought to you for free via open
access, courtesy of DigitalCommons@Linfield, with permission from the rights-holder(s). Your use of this Thesis
(Open Access) must comply with the Terms of Use for material posted in DigitalCommons@Linfield, or with other
stated terms (such as a Creative Commons license) indicated in the record and/or on the work itself. For more
information, or if you have questions about permitted uses, please contact digitalcommons@linfield.edu.

Design of Smart Trashcan

Haoran Song

A THESIS
Submitted to
The Department of Physics
LINFIELD UNIVERSITY
McMinnville, Oregon

In partial fulfillment
of the requirements for the degree of

BACHELOR OF SCIENCE

April, 2021

THESIS COPYRIGHT

PERMISSIONS

Please read this document carefully before signing. If you have questions about any of these
permissions, please contact the DiqitalCommons Coordinator.
Title of the Thesis:

Author's

Name:

Advisor's

Name

(Last name, first

name)

7pnniJer Heot.fr\
DigitalCommons@Linfield
(DC@L) is our web-based, open access-compliant institutional
repository for digital content produced by Linfield faculty, students, staff, and their collaborators.
It is a permanent archive. By placing your thesis in DC@L, it will be discoverable via Google
Scholar and other search engines. Materials that are located in DC@L are freely accessible to the
world; however, your copyright protects against unauthorized use of the content. Although you
have certain rights and privileges with your copyright, there are also responsibilities. Please
review the following statements and identify that you have read them by signing below. Some
departments may choose to protect the work of their students because of continuing research. In
these cases, the project is still posted in the repository but content will only be accessible by
individuals who are part of the Linfield community.
CHOOSE THE STATEMENT BELOW THAT DEFINES HOW YOU WANT TO SHARE YOUR
THESIS. THE FIRST STATEMENT PROVmES THE MOST ACCESS TO YOUR WORK; THE
LAST STATEMENT PROVIDES THE LEAST ACCESS. CHOOSE ONLY ONE STATEMENT.

Option confirmed
via email

I agree to make my thesis available to the Linfield University community and to the larger
scholarly community upon its deposit in our permanent digital archive, DigitalCommons@Linfield,
or its successor technology. My thesis will also be available in print at Nicholson Library and can
be shared via interlibrary loan.
OR

X/'I agree to make my thesis available o333y to the Linfield University community upon its
deposit in our permanent digital archive, DigitalCommons@Linfield,
or its successor technology.
My thesis will also be available in print at Nicholson Library and can be shared via interlibrary
loan.
OR

Ls

agree to make my thesis available in print at Nicholson Library, including access for
interlibrary loan.
OR

Xj/I

agree to make my thesis available in print at Nicholson Library only.

Updated February 10, 2021

NOTICE

OF ORIGINAL

WORK

AND USE OF COPYRIGHT-PROTECTED

MATERIALS:

If your work includes images that are not original works by you, you must include permissions
from the original content provider or the images will not be included in the repository. If your
work includes videos, music, data sets, or other accompanying
material that is not original work
by you, the same copyright stipulations apply. If your work includes interviews, you must include
a statement that you have the permission from the interviewees to make their interviews public.
For information about obtaining permissions and sample forms, see
https://copyriqht.columbia.edu/basics/permissions-and-Iicensinq.html.

NOTICE
If your research

OF APPROVAL

includes

TO USE HUMAN

human subjects,

OR ANIMAL

SUBJECTS:

you must include a letter of approval

from the Linfield

Institutional
Review Board (IRB); see https://inside.linfield.edu/irb/index.html
for more
information,
If your research includes animal subjects, you must include a letter of approval
the Linfield Animal Care & Use Committee.
NOTICE

OF SUBMITTED

WORK

AS POTENTIALLY
CONSTITUTING
RECORD UNDER FERPA:

from

AN EDUCATIONAL

Under FERPA (20 u.s.c. § 1232g), this work may constitute an educational record. By signing
below, you acknowledge this fact and expressly consent to the use of this work according to the
terms of this agreement.
BY SIGNING

THIS

FORM,

I ACKNOWLEDGE

THAT ALL WORK

CONTAINED

IN THIS

PAPER IS ORIGINAL
WORK BY ME OR INCLUDES
APPROPRIATE
CITATIONS
AND/OR
PERMISSIONS
WHEN CITING OR INCLUDING
EXCERPTS OF WORK(S)
BY OTHERS.
IF APPLICABLE,
I HAVE INCLUDED
AN APPROVAL
LETTER FROM THE IRB TO USE
HUMAN SUBJECTS OR FROM ANIMAL
CARE & USE TO USE ANIMAL
SUBJECTS.

Signature redacted

Signature

Printed Name

Approved

Updated

Haoran Song

by Faculty Advisor

February 10, 2021

n3oate2oll/S{.zr

Signature redacted

Date

s7,e-> {,,bl

Thesis Acceptance
Linfield College

Thesis Title:

Design of Smart Trashcan

Submitted by:

Haoran Song

Date Submitted:

April, 2021

Signature redacted
Thesis Advisor: ____________________________________________

Dr. Tianbao Xie

Signature redacted
Physics Department:________________________________________

Dr. Jennifer Heath

Signature redacted
Physics Department:________________________________________

Dr. Joelle Murray

Abstract
A smart trashcan has been designed which can bring convenience to people for throwing
their garbage during the special time, COVID-19.A prototype is made from cardboard to
demonstrate its function, this trashcan can sense people who are coming and leaving, and it can
open and close automatically. The trashcan is powered by solar energy. A solar panel is mounted
on top of the trashcan supporter. This design is specifically for use in China.
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1. Introduction

During the pandemic, contact transmission is a severe problem. Thus, this design is for a
smart trashcan, which can help people reduce their contact with possible sources of infection and
ensure a healthy environment for the community. It is also important that a trashcan be
convenient. In this design, there are two sensors in the trashcan. When it detects the people who
are close to the trashcan and ready for throwing their garbage, the lid will automatically open.
When people walk away, the lid will also close automatically. At the same time, when the
sensors detect people, the light on the trashcan supporter will be turned on automatically to
illuminate people at night, which brings people the convenience. Therefore, for this project, the
goal is to design a smart trashcan.
This project is combined by two parts. One is concentrated on designing the smart trashcan
itself, and another one is focused on the control circuit. Designing the smart trashcan model is
one of the important parts. A program, Solidworks is used during the whole process of designing
the smart trashcan. The paper board is used for making a real small scale model. The design
section will illustrates these two models and explain more details.
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2. Theory

In order to make the smart trashcan work, theoretical calculation is necessary, which can help
to find the specific materials to build and design the shape in correct angles, which allow the
building shape can bear the certain weight. For the designing of the smart trashcan, there be some
points for measuring. In addition, the theory can help improving and figuring out the problems
exist now.
The top part of the smart trashcan supporter need to be measured for the torque and breaking
strength. Therefore, the improved supporter can be made successfully.
In order to find the breaking strength, it is necessary to find the torque of the top plate (Figure
1.0). To do so, a free body diagram is applied (Figure 1.1).

(Figure 1.0) Left view of the supporter.

Figure 1.0 shows that the left view of the supporter, OAB. The ground is dotted portion. CD
is bearing bar for supporting the AB load. Letting the length of AC and AD to be the same, which
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equal to d3. The horizontal distance between point C and middle of the bearing bar equal d2. The
horizontal distance between point C and D equal d1.

(Figure 1.1) Free body diagram.

In order to calculate the total torque, dividing the total torque into three parts, then, adding
three results to obtain the sum. According to the torque formula (Formula 1.0)
⃗ = r × ⃗F = rF sin θ
T

(1.0)

The total torque is⃗⃗⃗⃗𝑇. Force is ⃗⃗⃗⃗𝐹. The angle between CA and the bearing bar in Figure 1.0
is ɵ. Moreover, the unit of torque is Newton–meter, the above equation can be represented as the
vector product of force and position vector. Therefore, by calculating the total torque, first,
torque equivalent equals 0 (Formula 1.1).
⃗ = 0 = ⃗⃗⃗
⃗⃗⃗2 + T
⃗⃗⃗3
∑T
T1 + T

(1.1)

Next, calculating for the T1, T2, and T3 (Formula 1.2, 1.3, 1.4).
⃗⃗⃗
T1 = ⃗⃗⃗⃗
d1 × mg
⃗⃗⃗⃗⃗

(1.2)
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⃗⃗⃗2 = ⃗⃗⃗⃗
⃗⃗⃗⃗⃗
T
d2 × Mg

(1.3)

⃗⃗⃗3 = ⃗⃗⃗⃗
⃗
T
d3 × T

(1.4)

Finally, adding all the torque to gain the sum. The direction of T3 is anticlockwise, which is
opposite of T1 and T2, so T3 is negative.
In this designing, ɵ, the angle between CA and the bearing bar, therefore, plugging in all the
data (Formula 1.5)
⃗ = (mg
⃗⃗⃗⃗⃗ ) ∙ tan (θ)
T
⃗⃗⃗⃗⃗ + Mg

(1.5)
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3. Initial Design

For this project, the goal of my part is to come up with an idea of designing the shape of the
smart trashcan, which includes details about each position of electronic devices and about which
kind of material should be used for the external part. The smart trashcan is able to sense a person
at a certain distance and open the lid automatically. Avoiding contact with the bacteria on the
trashcan lid is the main idea of this design, which improves the safety and convenience for
residents of a community during the COVID-19 outbreak.
The initial design of the smart trash can is as shown in the first picture, which is the ideal
mockup for the smart trashcan designing by using the Solidworks (Figure 2.0). The whole bin is
divided into two parts. The top part contains the solar panel, lid, and electronics. The lower part
is the bin body. The lid part is GHCB, as shown in the picture. The sensors are designed to put
along BC. When people walk close to the smart trashcan, the sensor detects and provides a signal
to the controller, then the motor works which drives the lid up and down. When the lid is drove
up, it moves into ADHG, a “shell”. And ADFE is the position for solar panel. EF is designed as
an opening gate for dumping the garbage. The size of each part. For the lid, the thickness is 2
mm, length and width are 600 mm. For the main body, length is 2 m, width is 1 m, and height is
1.5 m. For the solar panel, the length is 1.99 m, and width is 1m. In addition, the angle of
inclination of lid is 80˚. Angle of inclination of solar panel is 17.31˚.
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(Figure 2.0) The ideal mockup, which designing by using the Solidworks

After drawing the ideal mockup, cardboard is used to create an actual model. The ratio of
the size of the actual model to the ideal model is 1:5, which the length is 40 CM, width is 20
CM, and height is 30 CM. other data will be retained, such as the angle of the lid is 80˚, and the
angle of inclination of solar panel is approximately equal 17˚. The following images are the
front, left, right, and top views of the actual model (Figure 2.1).
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(a)

(b)

(c)

(d)

(Figure 2.1) Views of the actual model. (a) is front view of the actual model, (b) is left view of the actual
model, (c) is right view of the actual model (d) is top view of the actual model

For designing the lid, using the Solidworks to make the rough lid shape, which shows the
work function about it. The lid part contains the main plate and the gear and rack, which in order
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to make the movement of the lid (Figure 2.2)

(Figure 2.2) CAD drawing of lid
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4. Challenges

During the design process, there are many challenges. First ideal conceptual model is a
comprehensive one, which includes the following parts in a whole. The smart trashcan includes
the lid part, sensor part, solar panel part, sensor part, and electronic devices part, which combines
with circuit structures and motor. However, because when dumping the garbage will move the
ADFE plate (Figure 2.0), I am concerned that the solar panel part would be easy to break.
Finally, making some changes on designing the position of solar panel is necessary.
The second challenge is to design the position for electronic devices. When sensors detects
individuals, the motor will works. The position of the motor should be connected with the lid
part, which will be put along AD (Figure 2.0). Nevertheless, if putting the motor along AD, it is
difficult to find a right position to connect the lid. In addition, putting motor along AD will
require more works to design a frame to hold the motor. The motor frame also occupies more
room on the top part.
In addition, choosing the iron for the framework of the smart trashcan except few parts of it.
Three different materials are used in the test of the lid for the smart trashcan. The material
choosing of the lid decides the weight of the lid. The weight of the lid determines how much
work the motor need. The scale of the motor depends on the work the motor need. Then
choosing of lid material also decides the room of the motor frame and the shape of the container
of the smart trashcan.
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5. Experiment of Testing the Lid Material

Making experiments is especially for testing the lid part, which is one of the main part of
our project. First, three materials are choosed for the lid to complete this experiment which are
aluminum plate, iron plate, and acrylic plate (Figure 3.0).

(Figure 3.0) Lid material. The top is acrylic plate, the middle is aluminum plate, and the bottom is iron plate

For the reason why choosing these three materials because that aluminum plate is lighter
than iron plate, which can compare the force needed. Iron plate just as a reference, which will
never be chosen since it will be too heavy. The reason choosing acrylic plate because of the
property of light. This is one of the advantages. It is also cheap, so it is acceptable, and the very
important reason is transparent, which can be easily seen the devices position, and make
following improvement.
This experiment will focus on collecting the data for testing three different materials and
calculating how much force and power of the motor need.
10

After estimating and calculating the mass and volume of the lid, how much work and power
the motor need will also be figured out (Table I). After analyzing, motor size will influence the
room on the top part.
(Table I) Data of the power of different lid materials.
Material
Hypotheses

Experiment 1

Experiment 2

Mass(kg)

Volume(m3)

sin 80° ∙ 0.6m

Work(J)

Power(W)

Acrylic

0.864

0.00072

0.596

5.046

4.207

Aluminum

1.944

0.00072

0.596

11.354

9.465

Steel

5.652

0.00072

0.596

33.01

27.525

Acrylic

0.8

0.00072

0.5960.596

4.672

3.896

Aluminum

1.9

0.00072

0.596

11.097

9.253

Steel

5.6

0.00072

0.596

32.708

27.27

Acrylic

0.8

0.00072

0.596

4.672

3.896

2

0.00072

0.596

11.681

9.74

5.7

0.00072

0.596

33.292

27.759

Aluminum
Steel

Next challenge is about charging. All the circuits are inside the box, and the battery have to
put in the box with no doubt. After analyzing, the location of the battery have to be placed only
in the lower part of the trash can which will occupy more room for the body part, holding the
garbage.
Moreover, the design of the dumping process is also a challenge. Because deciding to use
EF as the dumping port for garbage (Figure 2.0), and this is an opening gate, so it is hard to
ensure the tightness of the trash can. When the garbage truck lifts the trash can, the EF opens
automatically due to gravity. When the trash can is put down, the EF closes itself due to gravity,
too. The automatic opening and closing part cannot solve the problem of air tightness, which also
against our design concept.
For the first design, it exists a lot of problems. Thus, based on all of the above challenges, a
11

new design has been made to solve all of the above problems.
After some improvement, changing the total shape of the smart trashcan, which including
the supporter, the position of the electronic devices, sensors, motor, motor frame, charging,
wires, light, main trash container, and the lid. Improved design shows the new method of using
and the work functions. These designs will be illustrated in following paragraphs.
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6. Design After Improving

After improving, there is one section, which has been added in the new design, the main
supporter, which is used for holding the trash can, solar panel, battery, sensors, and the light. The
main supporter is shown as (Figure 4.0).

(Figure 4.0) Supporter. (a) Position of sensors. (b) Position of light. (c) Position of battery and circuits.

After completing the supporter part, the main body part of the smart trashcan contains the
lid part, outer shell, and inner container. Moreover, the back top of the main body part is the
room, which making for holding the motor frame and circuits. (Figure 4.1)
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(Figure 4.1) Outer container and inner container

The roller is mounted on the bottom plate, which allowing the inner container can be draw
out. It shows in (Figure 4.2).

(Figure 4.2) Roller

Handle designing, it is convenient for cleaners to drag. It shows in (Figure 4.3).
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(Figure 4.3) Handle

As shown in Figure 4.1 There are two square holes on the inner container and outer shell.
This position is for the spring lock, which prevents the inner container from sliding out on the
uneven floor. It shows in (Figure 4.4)

(Figure 4.4) Spring lock

After finishing designing all the components, all the parts will be combined together, which
shows in (Figure 4.5).
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(Figure 4.5) The overall shape, including supporter, main trashcan body parts, roller and bottom plate, handle, and
spring lock.

All the figures above are the new design for the improvement. In order to find if there are still
some problems, based on the second time designing, the top plate of the supporter is used as the
test object to test the risk that the panel will break off. Moreover, it also used to test if that will
also be a safety hazard for the people who are dumping the garbage. After testing and analysis,
although the plate will not be broken, but the motion of the top plate will greatly affect the sensor's
working efficiency. In the result and analyze section will describe these situations. Hence, one
more improvement, which is triangle supporter helps to stabilize the top plate and solve this
problem. It shows in (Figure 4.6).
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(Figure 4.6) Triangle supporter

The effect of triangle supporter on the project will be discussed in the result and analyze
section, which includes the data comparison before and after the implementation of triangle
supporter. In addition, it also contains the final conclusion and adjusted method.

17

7. Result and Analyze

The new smart trash can model several advantages over the original smart trashcan, but it
still needs to be improved.
One concern is the strength of the top plate of the supporter.Solar panels and some
electronics are going to be placed on this panel and if the weight of the electronics is enough to
allow the panel to shift, then there is a risk that the panel will break off and that would be a
safety hazard for the people who dump the garbage.
Torque will be tested by applying force on the top plate in order to explore if it will break
the top plate. Solidworks is used to help measure the displacement of the top plate. The
displacement of the top plate is the distance of the top plate descent. First, the torque is
calculated. The calculation steps will be illustrated in the theory section. Then, the total weight of
the solar panel is calculated. According to the designing, the weight of the solar panel is 20 Kg,
which is for one square meter. The weight of the sensor is negligible. Therefore, the descent of
displacement will be explored by applying maximum estimated weight in excess of the design
value.
A slight displacement occurs when different forces apply to the top plate (Figure 5.0). In
Figure 5.0, it is clear to see that when applying force the displacements from the horizontal
downward movement are 0.48 mm, 0.524 mm, and 0.567 mm. The most interesting exploration
is that even without applying any force on it, a displacement also occurs due to the gravity.
Although the calculated weight is not enough to break the plate, the situation of a downward tilt
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greatly affects the sensors’ range and angle, which also adding challenges for the sensors’
detecting efficiency.

(Figure 5.0) Diagram of displacement before adding triangle supporter

Therefore, in order to avoid the situation of a downward tilt, ensure the detecting efficiency
of the sensor, and guarantee the safety of community people, making another improvement,
which designing a triangle supporter for supporting the top plate to keep it always at the
horizontal angle is 0˚. This new improvement design is described in the design section.
The triangle supporter plays an important role of holding the top plate, like strengthening
rib. After testing the displacement of the plate, which the triangle supporter is installed, data
shows in (Figure 5.1).
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(Figure 5.1) Diagram of displacement after adding triangle supporter

The displacements of the plate, which with the triangle supporter is 0.3881 mm, 0.4269
mm, 0.4657 mm, and 0.5045 mm after applying different forces. It is clear to see the data in
tabulated form (Table 2).
(Table 2) Data of displacement

Experiment 1

Experiment 2

Force(N)

Displacement(mm)

200

0.4801

220

0.5237

240

0.5673

200

0.3881

220

0.4269

240

0.4657

260

0.5045

It can be seen from the data that the triangle supporter reduces a certain displacement,
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which is about 0.1 mm. Although applying a greater forces, 260 N, it is also less than the
maximum displacement without the triangle supporter.
The new improvement, triangle supporter helps reducing the risk of breaking the top plate,
and promoting the top plate keeping as horizontal as possible to improve the sensor's working
efficiency. However, although the triangle supporter has reduced its displacement by about one
millimeter, when a regular solar panel, which is up to the mustard of my design, which weighing
200N is placed on the panel, the displacement is still about 0.39 mm.
According to triangle geometry theory, the length of the top plate is 1.5 m, vertical
0,39

displacement is 0.39 mm. Therefore, the angle of descent of the top plate is tan−1 1500 ≈
0.0149°. The angle of descent of the top plate equals the angle of the sensor’s change, thus,
sensor’s working angle changes 0.149˚. Moreover, the distance between the point detected by
ideal working angle and the point detected by actual working angle is increased by 5.2 mm.
Although the angle of change is very small, it will still have a subtle effect on the sensor's
efficiency. In order to completely avoid this situation, after analysis, the triangle supporter size
can be designed to be larger, so that it can withstand more force. A slight change in angle can
also be modulated by adjusting the sensor's initial angle, which makes the sensor works in
horizontal angle after the displacement.
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8. Conclusion

After obtaining the results and analyzing, the triangle supporter plays a very
significant role of ensuring the top plate of the supporter at the horizontal level, insuring
the detecting efficiency of sensors is not be effected, and guaranteeing the safety of
people during the process of throwing their garbage.
The design for this smart trashcan has gone through two significant revisions, as
described previously. When first constructing the model of the trash can, all the
assumptions seem to be very easy to achieve. However, as the project progressed, many
problems in the first design were revealed. These include the method of dumping the
garbage, the possibility of damage to the solar panel, the problem of placement of
electronic parts, the need to create space for the electronic components and motor, and
the necessity that it is weather-tight. One of the most important reason of adjusting the
shape of the smart trashcan is to better use space, especially to create room for placing
the motor frame. After these improvements, the new design not only solved the previous
problems, but also strengthened the stability and safety of the main supporter.
From my project results, people can know some factors to consider in designing a
community smart trashcan. Moreover, some common design techniques and the
methods of using CAD will also be easy to utilize by other scholars.
An important next step will be to build a prototype smart trashcan. Although all the
tests are based on the real materials properties and physics theory, this does not mean
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that the project is currently complete. The ideal design based on theory is often very
different from the actual manufacturing. This means that in the future, fabrication skills
is needed to adding to make better prototype device. There are also some other
operation difficulties encountered, which should be improved.
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9. Appendix

1. Steps of creating the main supporter
First, creating several “component drawing” for making the shape by clicking the
specific “graphics option”. Then, clicking the “automatic scale option” to choose the
right size. After completing the first step, then clicking the “extruded boss option” to
decide the ideal thickness. Next, selecting the correct phase to edit, and clicking the
“graphics option” to drawing the details, which the sensor part, light part, and the solar
panel part. After drawing all the details needed, clicking the “extruded cut option”, and
choosing the correct depth to create the final step. It is worth noting that saving all the
statistics which will be using for “assembly drawing”, and mating all the single
components suitably, which corresponding to each correct size. Otherwise, parts mating
will fail. After creating all single parts, creating a new “assembly drawing”, then
clicking “adding the components option” to drag all the parts needed into the assembly
drawing. Next, choosing the “mate option” to ensure the plane of the parts to be
matched is correct. Fixing one plane first, let this plane as the base plane. Then, making
the matching position of the parts correspond to the base plane correctly. During the
process of parts mating, choosing the selected edges and plane of each part to
implement coincide, parallel, or tangency.

2. Steps of creating the outer container and inner container
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The steps of making main body part of the smart trashcan follows the previous
steps. Clicking on “graphics option “. Choosing the right scale to create two cuboids.
Clicking on “extruded cut option” to cut the extra parts, which is in order to create the
shell shape of the main body. Selecting the phase which is need to combine the inner
container, then choosing correct scale, next, clicking on “extruded cut option” again to
cut the face. After finishing the previous steps, create a new “assembly drawing”. And
adding the outer container and inner container together. Finally, mating them up by
choosing correct surface.

3. Steps of creating the roller
Creating the roller by using the “graphics option” and “extruded boss option”.
Then, creating other plate by using “graphics option” and “extruded cut option”. Finally,
creating “assembly drawing” to add these two parts. Finally adjusting the phase mating.

4. Steps of creating the handle
Following the previous steps to create a cuboid, and then using “filter option”,
editing the phase, which needed, then, choosing the edge of the cuboid, and making it
become a hook face with correct angle. Following the described steps to create two ends
of the handle successfully. Creating another “component drawing” for making the
middle part of the handle. First, clicking the “graphics option” to create a desired curve.
Next, creating another semicircle, which is tangent to the curve. Then, clicking the
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“scan option”. Later, using “filter option” multiple times to adjust the hook face on the
edges. Choosing the path and the semicircle to be the object, which are needed to scan.
Moreover, creating another “assembly drawing” for adding these two parts. Adjusting
the phase to match them up.

5. Steps of creating the spring lock
Designing the spring lock, which need using previous steps that creating the single
part of each cubes and cuboids. Then, clicking the “filter option” to make the two end
ports become the desired hook face. Next, create one more “components drawing”,
choosing the “graphics option” to create a circle. Then, choosing the relevant phase to
create spiral coil. The circle is tangent to the spiral coil. Later, clicking the “scan
option”, choosing the spiral coil as the scan path and the circle to create the spring. After
that, creating a new “assembly drawing”, and adding all the needed cubes and cuboids,
which are after adjusting. Adjusting the phase of each components, then clicking “mate
option”. Modulating the distance and the position, matching them up. Finally, click on
the “mate option” again, choosing the spring and the core object. After choosing the
“concentric option”, and “tangency option” to make the spring is homocentric with the
core object, and tangential to the two vertical plates.

6. Steps of creating the overall shape
Creating one more “assembly drawing”, then, adding all the components,
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supporter, main trashcan body parts, roller and bottom plate, handle, and spring lock
into this file. Adjusting their phases in order to mating successfully. Clicking the “mate
option”, choosing the right bottom edge line of the main body parts and the front bottom
edge line of the supporter, then clicking on “coincide option”. Clicking “mate option” in
order to make all the components mated correct and successfully in one decided phase.

7. Steps of creating the triangle supporter
Creating one more “components drawing”, and choosing “graphic drawing”.
Choosing “concentric square” to create a thin rectangle by choosing right length and
width. Then, choosing “corner square” to create another rectangle by choosing the same
value of length and width. Next, choosing “cut out the entity” to eliminate the dash line,
which is between the two rectangles. Then, choosing “extruded boss” to make it become
three-dimensional by selecting right value of depth. Next, choosing “reference
geometry” to add one more reference in the middle of the two rectangles. Then, editing
this new reference, and choosing “graphic drawing” to draw one straight line, which
intersects both of the rectangles. Next, choosing “rib” to create the strengthening rib.
Finally, choosing “filter” to camber the edge of the strengthening rib.
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